We studied the effectiveness of glycerol or ethylene glycol in preventing the increase in alkaline phosphatase activity of lyophilized or refrigerated quality-control serum after reconstitution or repeated freezing and thawing. Control serum reconstituted completely from the lyophilized state with subsequent storage at -20 #{176}C showed a considerable decrease in alkaline phosphatase activity immediately after thawing, and a gradual increase in activity on allowing it to stand at room temperature. Adding glycerol or ethylene glycol to the reconstituted serum obviated these changes in activity, glycerol being more effective than ethylene glycol. Reconstituted serum with added glycerol maintained maximum activity before refrigeration during either storage for 30 days or on repeated freezing and thawing. Practical applications of this glycerol-supplemented control serum are discussed.
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Lyophilized "control" and "standard" sera are widely used for quality-control procedures in clinical laboratories. The alkaline phosphatase (EC 3.1.3.1.) activity of these sera, especially, has been observed to increase after they are reconstituted from the lyophilized state (1) (2) (3) (4) (5) (6) . It thus differs from most enzymes in human serum in that the enzymatic activity in reconstituted serum increases rather than decreases during storage at room or refrigerator temperatures.
This phenomenon seems to present an important problem in practice, because lyophilized control sera are so commonly used in quality-control, and human alkaline phosphatase is commonly regarded as being stable in routine analysis. The problem can readily result in large variations in quality-control data within a laboratory as well as in interlaboratory control surveys and external quality-control programs (3, 5) . Hitherto, this increasing alkaline phosphatase activity has been indefinable, since its precise measurement involves so many difficulties and a variety of factors from other sources. Values obtained by different laboratories may vary substantially, depending upon the method used in determining this activity (8) (9) (10) (11) (12) (13) . However, improved reaction rate assay of the enzyme has made this lability more obvious and more important as errors from other sources have been reduced (5) .
Here, we confirm this lability and show how it can be minimized.
It is well known that polyhydric alcohols can protect several enzymes against cold inactivation (14) (15) (16) . This report describes the protective effect of glycerol and ethylene glycol against increase in alkaline phosphatase activity of lyophilized control sera after reconstitution.
Materials and Methods

Alkaline phosphatase
assay: The procedure used as the basis for alkaline phosphatase assay was a modification of the method of Bowers and McComb (8) . The substrate mixture had the following composition (in mmol/liter):
10 mmol of p-nitrophenyl phosphate, 50 mmol of 2-amino-2-methyl-1,3-propanediol buffer (pH 10.5), and 0.5 mmol of MgC12. The reaction was started by adding 0.1 ml of the control serum sample to 2.0 ml of the substrate mixture, and the initial rates of reactions were measured with a Hitachi Model 124 recording spectrophotometer at 25 #{176}C, the absorbance at 404 nm being recorded for at least 2 mm. The enzyme activities were expressed in IUB units (U) per liter. The millimolar absorptivity (liter mmol' cm-') of 18.75 was used for p-nitrophenol.
The rate assay method was previously compared with the accepted Kind-King method as modified by Watanabe et al. (17) and tested for precision daily and on day-to-day replicates during three weeks. Satisfactory correlation was observed be-tween results by the two methods. About 30 sera, run in parallel, gave a correlation coefficient of r = 0.86.
Reagents: The substrate, disodium p-nitrophenylphosphate, and the buffer, 2-amino-2-methyl-1,3-propanediol, were obtained from Sigma Chemical Co. Glycerol, ethylene glycol, and other chemicals were all extra-pure grade from commercial sources.
Lyophilized serum: A single commercial qualitycontrol material ("Moni-Trol I," DADE, Lot No. LTD 138) was used in this experiment. Each vial was reconstituted according to the manufacturer's instructions (5 ml of water was added) and subsequently treated or stored according to the relevant conditions of the experiment.
Results
Reconstitution of lyophilized quality-control serum: Each vial of lyophilized serum was dissolved in either 5 ml of water or 5 ml of 9.0 mol/liter ethylene glycol solution, with gentle shaking for 60 mm, and allowed to stand for 24 h at 25 #{176}C. These vials were then refrigerated at -20 #{176}C overnight. The alkaline phosphatase activity of each vial was then measured at 25 #{176}C 5 mm after being thawed at room temperature and again 30 mm, 1 h, 3 h, 5 h, and 7 h later ( Table 1) .
The result showed that lyophilized control serum required 60 mm of gentle shaking for complete dissolution, but alkaline phosphatase activity of the reconstituted serum increased with time after subsequent standing at 25 #{176}C and reached a maximum about 19 h later (the activity measured after 60 mm of gentle shaking was 56% of the maximum value). The reconstituted serum stored at -20 #{176}C showed a decrease in its alkaline phosphatase activity when it was thawed at room temperature (to 75% of maximum value), followed by a gradual increase in the activity. Seven hours later, the activity reached the value it showed before refrigeration.
When the lyophilized serum was dissolved in 9.0 mol/liter ethylene glycol instead of water, such changes in alkaline phosphatase activity were not observed; the activity seen just after the lyophilized serum was dissolved was maintained throughout the subsequent standing at 25 #{176}C, and only slightly decreased after refrigeration at -20 #{176}C.
Effect of polyhydric alcohols on reconstitution of lyophilized serum: After dissolving the lyophilized serum in 2.5 ml of water rather than 5 ml of water as in Table 1 , the reconstituted serum was divided into three aliquots, to one of which an equal volume of ethylene glycol and to another an equal volume of glycerol, appropriately diluted, was added. To the third, an equal volume of dc-ionized water was added as control. Thus, the same concentration of the enzyme with several concentrations of alcohols were obtained. The enzyme activity of each aliquot was then measured just as in Table 1 .
The results show that there was little decrease in alkaline phosphatase activity of reconstituted serum when thawed after refrigerating at -20 #{176}C; the activities were already 90% of the initial value after 5 mm in each concentration of polyhydric alcohols, and there was no subsequent increase of alkaline phosphatase activity after standing at room temperature (Table 2 ). This stabilizing effect was greater for glycerol than for ethylene glycol. The same table illustrates that the enzyme activity of the reconstituted serum is activated by addition of polyhydric alcohols. This activation was proportional to the concentration of alcohols. Figure 1 shows a linear increment of the enzyme activity with increasing concentration of the alcohols. Effect of storage on alkaline phosphatase activity in reconstituted control serum: Lyophilized serum was dissolved in water according to the same procedures as in Table 2 , allowed to stand for 24 h at 25 #{176}C, and divided into three groups. Groups 1 and 2 were each diluted with equal volumes of water, and then group 1 was pooled in a vial and group 2 was divided into aliquots. In group 3, an equal volume of 5.6 mol/liter glycerol or 7.2 mol/liter ethylene glycol was added and pooled in a vial. All these specimens were then stored at -20 #{176}C. Figure 2 shows the alkaline phosphatase activities of each group, measured after a series of intervals after the .0 in a vial respective sample had thawed and stood for 1 h at 25 #{176}C. No significant alterations in alkaline phosphatase activity were evident after storage for 30 days (group 3) despite the repeated freezing and thawing. Each aliquot of group 2 had a lower activity than the original value obtained before storage at -20 #{176}C, but maintained this same activity for 30 days. However, the alkaline phosphatase activity of group 1 increased in proportion to the duration of storage-that is, to repeated freezing and thawing during 10 days-and then gradually decreased.
DIscussion
There are several sources of commercial reference sera, namely Versatol (Warner-Chilcott Lab.), MultiEnzyme (Hyland Lab.), Moni-Trol (DADE) and Chemtrol (Clinton Lab.), etc. Others (3) (4) (5) have shown that these sera all demonstrate similar increments in alkaline phosphatase activity after reconstitution from the lyophilized state, as did the Moni-Trol I we used in the present investigation.
Most laboratories tend to use the reconstituted con- (5, 18) . Increasing alkaline phosphatase activity could thus go unnoticed and would have little effect on the internal quality controL However, our data show that alkaline phosphatase activity immediately after reconstitution of the lyophilized serum with water at 25 #{176}C was only 56% of the maximum activity 24 h later (Table 1 ). This result suggests that the recorded activity may range from 56 to 100% of the maximum value with seemingly trivial changes in laboratory operations. Furthermore, for the frozen-stored reconstituted serum, the activity immediately after thawing and warming to 25 #{176}C was 75% of the later attained maximum activity, in agreement with another report (4) . Thus, as mentioned by Massion et al. (5) , unless the rate of increase of enzyme activity is known and taken into account, the error introduced by the changing activity will be included in the total variation between or among laboratories.
From the results presented here, it became evident that a polyhydric alcohol, added into the diluent for the reconstituted control serum, could prevent alkaline phosphatase activity from increasing after standing at 25 #{176}C. Also, with regard to the effect of storage, the variations in enzyme activities of reconstituted serum were minimized (Figure 2 ) by addition of polyhydric alcohols, notwithstanding the repeated freezing and thawing. The increase in the activity shown in Figure  1 is attributed to transphosphorylation, in which the net transfer of phosphate from substrate to the hydroxyl group of the polyhydric alcohol is a more rapid reaction than transfer to water (10) .
In summary, the following procedure is recommended for practical use of lyophilized control serum.
1. Lyophilized serum is reconstituted with water according to the manufacturer's instructions. 2. After shaking gently for 60 mm it is allowed to stand for 24 h at 25 #{176}C.
3. An equal volume of 5.6 mol/liter glycerol is added to the reconstituted serum (thus the final concentration of glycerol is 2.8 mol/liter).
4. The serum is divided into aliquots and stored at -20 #{176}C.
It may be suitable to use 5.6 mol of glycerol per liter, because the addition of greater concentration of glycerol to the serum eventually results in more increase in alkaline phosphatase activity. If only 2.8 mol of glycerol per liter is used, the serum freezes at -20 #{176}C rather than remaining in solution. Of the two polyhydric alcohols tested here, glycerol may be the better suited for practical use because it has the greater stabilizing effect on alkaline phosphatase, and is cheaper. Such a stabilizing effect is not found with any salt such as sodium chloride. We used only Moni-Trol I in our experiments; it would be useful to examine other reference sera.
In regard to the application of glycerol to routine analysis in the laboratory, a daily test run in duplicate (n = 16) for alkaline phosphatase activity of the control serum with or without addition of glycerol as described above was performed at Central Medical Laboratory of our University Hospital (by the Bessey-Lowry method with the AutoAnalyzer II). The coefficient of variation was lower for the samples with glycerol than those without, and the activity higher, as indicated in Table  2 and Figure 1 .
To see whether the addition of glycerol affects the other serum samples in measurement of the enzyme activity by AutoAnalyzer or not, we placed Moni-Trol I with added glycerol in the samples together with another kind of control serum (Nescol-X; Japan Chemical and Immunological Lab., Kumamoto). Both alkaline phosphatase and lactate dehydrogenase activity of the Nescol-X in the same samples as the Moni-Trol I with glycerol were essentially identical with each mean activity of several Nescol-X aliquots in other samples during a day.
Regarding a frozen human serum pool, a similar experiment as that summarized in Table 1 was performed. However, the remarkable increase in alkaline phosphatase activity such as in the lyophilized qualitycontrol serum was not noticed after thawing the serum again at 25 #{176}C and after repeated freezing and thawing (the activity immediately after thawing was 85% of the initial value before freezing, and it reached less than 90% of the initial value during the period of subsequent observations).
The alkaline phosphatase activity of the pooled serum showed a tendency to decline after prolonged freezing and thawing, but addition of polyhydric alcohol can minimize this decline in activity.
The mechanism of the stabilizing effect of polyhydric alcohols against increase in alkaline phosphatase activity of reconstituted lyophilized serum is at present obscure.
